, in which seedling Pfr shows no reversion (7).
In plant tissues generally, the Pfr2 form of phytochrome either decays (loses photoreversibility and therefore detectability) or reverts by a thermal dark reaction to Pr (1) . Studies on seedlings of many species have led to the generalization that in monocotyledons only decay occurs, whereas dicotyledons exhibit both decay and reversion (5) . So far the only clear exception to this rule is the dicotyledon Amaranthus caudatus (love-lies-bleeding), in which seedling Pfr shows no reversion (7) .
Recent reports suggest that several other dicotyledons, members of the Crucifereae, also lack reversion: Brassica rapa (turnip [4] ) and S. alba (mustard [9, 10] ). Subsequent analysis of the Brassica data has shown clear evidence of reversion, thus making the opposite implication in the paper cited incorrect (D. Vince, personal communication). The reversion shown by the Brassica data is of the same order of magnitude as that found in the crucifer Raphanus sativus (radish [6] ) studied in this laboratory.
In the case of Sinapis lack of reversion has been asserted on the basis of experiments in which only the total phytochrome was measured. In the work to be described, phytochrome transforma prior to irradiation with red light. In some experiments samples were transferred to similar Petri dishes in which the buffer contained 2 X 10-3 M sodium azide. All manipulations of the plant material were carried out under a dim green safelight (6) . Light Source. Red light was obtained from 3 "cool white" 15-w fluorescent tubes in combination with one layer of 3-mm red (No. 2444) Rohm and Haas Plexiglas.
Phytochrome Assay in Vivo. The phytochrome content of samples was measured with the ASCO Ratiospect R-2 (Agricultural Specialties Inc., Beltsville, Md.). The method of sample presentation was as described by Hopkins and Hillman (6) . The measuring beams used depended on the sample investigated (Table I) . For samples containing cotyledons, the measuring beams 735 and 800 nm were used to eliminate interference from the absorption of chlorophylls (8) . Hypocotyl hook samples alone contain very little chlorophyll so that measuring beams of 660 and 734 nm were used. The total phytochrome content of the sample is proportional to the difference in absorbance difference at the 2 wave lengths used following alternateexposures to actinic red and far red light. The AA after irradiations with actinic light was registered by means of a "heavily damped" recorder. The amount of Pfr in samples was determined from the change in absorbance following an initial exposure to actinic far red light. All measurements of total phytochrome were divided by 0.8 to correct for incomplete conversion of Pr to Pfr by red light (1) .
RESULTS AND DISCUSSION
The dark transformations of phytochrome (Pfr) were investigated in 72-hr-old cotyledon hook samples after a 10-min exposure to red light at 25 C (Fig. 1) . After 2 hr the total phytochrome was reduced compared to dark controls, i.e., Pfr had decayed, but the Pfr and Ptotai curves are not parallel, and the level of Pr obtained by difference approximately doubles during this time. This result suggests that reversion is indeed present. However, the increase in Pr could be by synthesis (2) . If this is the case, then under continuous red light there should be a significant deviation from first order decay kinetics during this time interval. We have found no evidence for this in cotyledon hook samples, and Marme (9) has shown that there is no deviation from linear decay kinetics in hypocotyl sections during the first 2 hr of red light. After this time, however, a deviation occurs until a steady state is reached after 4 hr.
The decay process has been shown to be oxygen-dependent and is inhibited by sodium azide. Furuya et al. (3) showed that in Pisum sativum (pea) epicotyls the reversion process was enhanced in the presence of sodium azide, suggesting that the processes of decay and reversion compete for Pfr molecules. Figure 2 shows an experiment in which the 72-hr cotyledon hook samples were preincubated for 60 min in buffer containing 2 X 10-1 M sodium azide before giving 10-mmn red light. In this case, even though the decay process is essentially stopped, there is an increase in the level of Pr by reversion.
The seedlings used in Marme's experiments were 36 hr old, whereas in these experiments the seedlings were 72 hr old. A com-DARK REVERSION OF PHYTOCHROME Figures 1 and 2 with 5-mm hypocotyl hook segments of 72-hr-old seedlings. Figure 3 shows the results of these experiments, in which about 13 % of the phytochrome present after red light reverts from Pfr to Pr in 2 hr of darkness, even when the decay process has been inhibited by sodium azide.
CONCLUSIONS
The results presented demonstrate that in S. alba the Pfr form of phytochrome undergoes dark reversion to Pr as well as decay. Each point is the mean of four samples with bracket equal to twice the standard error.
The properties in vivo of its phytochrome are therefore the same as those of other crucifers and of dicotyledons in general. Although sodium azide is an effective inhibitor of decay in Sinapis, no enhancement of the reversion process was observed as found in the case ofPisum by Furuya et al. (3) . However, since reversion occurs in the presence of azide, it is unlikely that the increase in Pr attributed to reversion could arise by metabolic synthesis.
The conclusion by Marme (9) and Oelze-Karow et al. (10) that Sinapis has no reversion is based on indirect evidence. First, in Marme's experiments only the total phytochrome was investigated. In experiments of the type (continuous red/short far red/ dark compared with continuous red/dark) the level of total phytochrome (P) at the time of darkness is only 20% of that originally present (29 X 10 A [AA]). A simple calculation on the basis of the amount of reversion observed in S. alba, which is typical of other dicotyledons, would predict a difference in total phytochrome of less than 1.0 X 10-3 A(AA) in such an experiment. This difference is at the limit of resolution of the instrument and therefore makes any conclusion of no reversion unjustified. As for data of Oelze-Karow et al. (10) found to the general rule that dicotyledons exhibit dark reversion of Pfr to Pr, whereas monocotyledons do not (7) . An investigation of other members of the Centrospermeae would therefore be very interesting.
